Abstract. Within the past few years, several papers have been published which present updated profile ozone trends from the recently revised ground-based Umkehr record and the combined Nimbus 7 solar backscattered ultraviolet (SBUV) and NOAA 11 SBUV 2 satellite data record [Hollandsworth et al., 1995; Miller et al., 1996] . Within these papers, however, there has remained an overriding question as to the actual information content of the measurement systems and their ability to detect atmospheric responses. In this paper, we compare the ozone trends and responses to the l 1-year solar cycle (derived from model and/or data specifications of these effects) to results of forward model/retrieval algorithm computations through the algorithms. We consider data at northern midlatitudes (30ø-50øN) so that we may compare the satellite results with those of the ground-based systems. Our results indicate that the Umkehr data contain only four independent pieces of information in the vertical and that the SBUV system contains five. In particular, we find that consideration should be restricted to the following regions; Umkehr: the sum of Umkehr layers 1-5, and layers 6, 7, and 8+ (the sum of layers 8 and above), SBUV: the sum of layers 1-5, and layers 6, 7, 8, and 9+ (the sum of layers 9 and above). Additionally, we compare the actual trends and solar coefficients derived in these layers for the periods 1968-1991 and 1979-1991 for the Umkehr and SBUV data. Finally, we include within the latter comparisons the stratospheric aerosol and gas experiment (SAGE) I and II results from Wang et al. [1996] and the computations from the ozonesondes.
Introduction
Accurate knowledge of the ozone trends as a function of altitude is necessary to understand the effects of natural and anthropogenic influences and to validate atmospheric chemistry models used to predict changes in stratospheric ozone. In addition, the vertical distribution of ozone losses determines how global stratospheric temperatures will be affected by ozone depletion [Logan, 1994, and [Bojkov et al., 1990] . Comparisons between the trends derived from the old and new algorithm show that the lower stratospheric trends are substantially less negative using the new algorithm, while the trends in the middle stratosphere are slightly more negative [Reinsel et al., 1994] . More recently, Mateer et al. [1996] have examined the effect of the a priori profiles on the Umkehr algorithm in the lower stratosphere through comparison with balloonsonde observations. Through their results and consideration of the averaging kernels, they conclude that trend information at the top and bottom of the retrieved profiles is available in only broad altitude regions and recommend that the trend data be considered in the sum of layers 1-3, and layers 4, 5, 6, 7, and 8+. In a similar vein, Bhartia et al. [1996] have studied the information content of the SBUV system and find somewhat similar results as to the vertical profile information. Their recommendation is that studies of long-term trends using the SBUV data be restricted to total ozone and the 1-20 mbar range for the vertical profiles. These studies, as indicated, focused on general perturbations to the ozone profile. With a considerable interest now being extended to possible solar effects in the lower stratosphere [Hood et al., 1993; Chandra and McPeters, 1994; McCormack and Hood, 1996] it is important that the consideration of the system's information content be extended to both the solar effects and to the full extent of the stratosphere. In this paper, we specify independent, reasonable profiles of ozone trends and solar effects from the surface through the stratosphere (in the sense that these profiles are realistic representations of these atmospheric variations) and utilize these profiles to evaluate the ability of both the SBUV and Umkehr systems to replicate the results. This is accomplished by calculating the radiance that each system should see from each perturbation profile utilizing a forward model and then employing the standard algorithm to retrieve the specified perturbation profile. In a perfect system the specified and retrieved perturbation profiles would coincide. As we will show, however, the profile perturbations do differ and this leads us to identify the areas over which the trends and solar coefficients can be derived effectively. Finally, we compare the actual trends and solar coefficients in the rederived layers from the SBUV and Umkehr systems along with those derived from the ozonesonde and newly rederived stratospheric aerosol and gas experiment (SAGE) data.
Data and Methods
We have initiated this study with the specification of independent, reasonable profiles of the trend and solar ozone response at northern hemisphere midlatitudes. For the trend profile we constructed a composite of the balloon ozonesonde trends up to about 25 km The ability of an SBUV or Umkehr instrument to monitor profiles of ozone trends was examined by using the trend profile described above as a perturbation to the standard ozone profile. A baseline retrieval was found by taking the standard profile and using a forward model [Dave, 1964; Mateer and DeLuisi, 1992; Bhartia et al., 1996] radiative transfer code to compute the theoretical backscattered radiances at the top of the atmosphere or diffuse radiances at the ground for Umkehr. These computed radiances were then used as input to the standard retrieval code, and a retrieved profile was obtained. The standard profile was then perturbed by the estimated effect of 10 years of trend, and the forward model and retrieval process were repeated. The differences in the retrieved profiles were then compared to the differences in the initial profiles. A similar procedure was followed for the solar effect profiles.
A slightly modified version of the retrieval algorithm was used to perform the simulated SBUV retrievals. It included the first guess construction used in the operational version. This first guess uses the total ozone estimate from the measurements at the four longest wavelengths to interpolate a profile from a set of standard climatological profiles for the given latitude. This is one reason why an averaging kernel analysis is complicated for the SBUV retrievals. The total ozone is also carried along into the profile retrieval as a measurement in place of the four longer wavelengths. In this way the effect of the total ozone change has been included.
The results of the forward model also give an estimate of the changes in the radiance ratios (I/I o is the basic measurement utilized in the SBUV algorithm) one would expect to observe and thus an idea of the accuracy with which the calibration must be maintained.
The differences in radiance ratios based on the profile trend composite are presented in Table 1 . In this 
Results
The results of these calculations are depicted in Figures 2a  (trends) and 2b (solar) ; the Umkehr is in layers 1 to 9, and the SBUV is in layers 1 to 10. Examining the trend results, we see that both the SBUV and Umkehr systems lack independent information from the total ozone--a priori profiles in layers 1 through 5 and are unable to determine the specified profile change with much accuracy as previously noted by Mateer and DeLuisi [1992] and Bhartia et al. [1996] . In layers 6 and 7, however, both systems recover the specified changes. Above this the SBUV captures the relative peak quite well, whereas the Umkehr appears to lack information in layers $ and above. Looking next at the solar profile in Figure 2b , we see that in the lower layers the results are very similar to those of the trends and both systems cannot resolve the full profile perturbation. Layers 6, 7, and $ are quite consistent, but above this the retrievals diverge. The Umkehr appears to greatly underestimate the perturbation in layer 9, whereas SBUV in layer 9 has a slight overestimation and agrees well again in layer 10.
On the basis of these results as well as those given by averaging kernel analysis, it is clear that the information content of the two systems is fundamentally limited. For the Umkehr the indication is that the data should be considered as four pieces of information, the sum of layers 1-5, layers 6, 7, and the sum of layers $ and 9 ($+). For the SBUV there appears to be somewhat more information at the upper level, and we suggest that the information be presented as the sum of layers 1-5, layers 6, 7, $, and the sum of layers 9 and 10 (9+). The results for layer 5 from the averaging kernel concept can be misleading for two reasons. The first is that they are computed for a constant a priori profile. The second is that they do not show the contamination of the layer 5 result by misplaced changes from other layers. While in our test case the error in layer 5 is rather large, the results are a function of total ozone for the base profile, surface reflectivity, and solar zenith angle. Situations other than the one we utilized can result in more comparable results for layer 5. The layer 6 and above results were Figure 3a we see that the retrievals match the specified profiles quite well within the 5 layers but that the Umkehr trend results in Figure 3b indicate a divergence due to the substantial difference in layer 9. One could argue that the results are better up to layer 8, neglecting the results in layer 9, but this would make the agreement with the total ozone askew. Looking next at the results for the solar effect (Figures 3c and 3d) , we see that both systems are able to retrieve this profile with about the same resolution.
We examine the derived ozone trend and solar response from the combined layer estimates for the SBUV and Umkehr systems and compare the results with both the ozonesonde and The results are depicted in Plates la (trend) and lb (solar). For the trend results above 30 km the three estimates agree that a statistically significant trend has occurred (95% confidence level) and that the largest decreases are about -4 to -7% per decade between 40 and 50 km. Note also that the trends agree to within their stated statistical 95% confidence limits. One must be careful not to overinterpret this overlap of statistical error bars, however, as the month-to-month variance in the observations should be highly correlated between measurement systems. A more correct procedure involves determining the trend of the differences between systems to remove the correlated aspects of the data. This is beyond the scope of the present study and will be the focus of future work. 
